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Transmitted herewith are the following documents: 
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Hon. Commissioner of Patents and Trademarks 
Box: Patent Extension 
Washington, D.C. 20231 

Sir: 

I, Kenneth R. Allen, Esq., declare and state as follows: 

(1) That I am a patent attorney authorized to practice before the Patent and 
Trademark Office and I have authority from SRI International, owner and assignee of 100% 
interest in U.S. Patent No. 5,808,665 (assignment recorded in the PTO on January 21, 1992 at 
Reel 5995, Frame 0749), to act on its behalf in matters regarding this patent; 

(2) I have reviewed, and understand the contents of the application for Extension of 
Patent Term being submitted herewith pursuant to 35 U.S.C. §156 and 37 C.F.R. §§1.710 et 
seq. by our exclusive licensee Intuitive Surgical, Inc.; 

(3) I believe the patent is subject to an extension pursuant to 35 U.S.C. §156 and 
37 C.F.R. §1.710; 

(4) I believe an extension of the length claimed in the accompanying application is 
justified under 35 U.S.C. 156 and 37 C.F.R. §§1.710 etseq.; and 
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(5) I believe that the patent for which extension is being sought meeKroe-^ 
conditions for extension of the term of a patent as set forth in 37 C.F.R. §1.720. 

I hereby declare that all statements made herein of my own knowledge are believed true 
and that all statements made on information and belief are believed to be true; and further that 
the statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section §1001 of Title 18 of the United 
States Code, and that such willful false statements may jeopardize the validity of any patent 
term extension issuing thereon. 
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Tel: (650) 326-2400 / Fax: (650) 326-2422 
KRA/NB:nap 



PA 3093438 vl 



Respectfully submitted, 



RECEIVED 

SEP 2 7 2000 



OFFICE OF PETITIONS 




Kenneth R. Allen 
Reg. No. 27,106 



"Express Mail" Label No. EL140089397US 



Date of Deposit SEPTEMBER 11, 2000 

I hereby certify that this is being deposited with the United States Postal 
Service "Express Mail Post Office to Address" service under 37 CFR 1.10 
on the date indicated above and is addressed to: 
BOX: PATENT EXTENSION 
Assistant Commissioner for Patents 
shington, D.C. 20231^ 
By: '/^rrv' (JUrC 



ner ior xri 



RON ANTON 



PATENT 

TTC Docket No. 017516-007400US 




IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re patent of: 
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Title: ENDOSCOPIC SURGICAL INSTRUMENT 
AND METHOD FOR USE 



RECEIVED 

SEP 2 7 2000 

OFFICE OF PETITIONS 



APPLICATION FOR EXTENSION OF PATENT TERM 
UNDER 35 U.S.C. §156 



Hon. Commissioner of Patents and Trademarks 
Box: Patent Extension 
Washington, D.C. 20231 

Sir: 

Pursuant to the provisions of 35 U.S.C. §156, and in compliance with 37 C.F.R. 
§§1.710 et seq., Intuitive Surgical, Inc., a corporation of Delaware, having its principal place of 
business located at 1340 West Middlefield Road, Mountain View, California 94043, and the 
exclusive licensee and marketing applicant of the above-cited patent, by its undersigned agent, 
hereby makes application for an extension of the patent term of United States Patent No. 
5,808,665, from January 21, 2012 to April 1 1, 2013. A letter from SRI International, the 
owner of 100% interest in United States Patent No. 5,808,665, authorizing Intuitive Surgical, 
Inc. to file this patent term extension application is attached hereto as Exhibit A. The 
regulatory review of the approved product was conducted by the Center for Devices and 
Radiological Health of the Food and Drug Administration (hereinafter "FDA") under sections 
515 and 510(k) of Chapter 5 of the Federal Food, Drug, and Cosmetic Act (hereinafter "FD&C 
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Act"), Subchapter A Drugs and DeviePKCBifiW^^^his application, Appl^^pj 
following: 

(1) The approved product that is subject of this application is a medical device 
known as the da Vinci™ System Model IS 1000. The primary components of the da Vinci™ 
System include a surgical cart, surgical instruments, and a surgeon's console. Together, these 
primary components act as an electromechanical system, allowing a surgeon to precisely 
perform complex, minimally invasive surgery (e.g. laparoscopic surgical procedures). A copy 
of an overview illustration of the system from the da Vinci™ System User Manual is attached 
hereto as Exhibit B. 

The surgical cart is positioned adjacent an operating room table and patient. 
The surgical cart supports two articulating mechanical instrument arms and one camera arm. 
The instrument arms manipulate any of several surgical instruments to perform an endoscopic 
procedure in a patient. The camera arm orients a camera or endoscope within the patient to 
provide an image of the operative field and movement of the surgical instruments. Attached 
hereto as Exhibit C are copies of surgical cart overview illustrations from the da Vinci™ 
System User Manual. 

Each surgical instrument of the da Vinci™ System generally comprises a rigid 
forearm or shaft, a wrist, and a tool tip. The proximal end of the forearm is connected to the 
instrument arm by a sterile adapter. The distal end of the forearm is connected to the tool tip 
by the instrument wrist. The tool tips comprise blunt and sharp endoscopic dissectors, scissors, 
scalpels, forceps/pick-ups, needle holders, endoscopic retractors, stabilizers, electrocautery, 
and other accessories for endoscopic surgical procedures. Attached hereto as Exhibit D is a 
copy of various tool tip illustrations from the da Vinci™ System User Manual. 

The surgeon sits at the surgeon's console, which includes a console structure or 
housing, video display, and two hand-controlled master arms or controllers, each having an 
actuatable handle. The surgeon's console is connected via hardware and software to the 
instrument arms that hold the surgical instruments, and to the camera arm which holds the 
camera/endoscope. Sitting at the console, the surgeon looks into the video display which 
provides an image of the operative field from the endoscope. While observing the image, the 
surgeon can move and actuate the surgical instruments via the hand-controlled master arms. 
Attached hereto as Exhibit E is a copy of a surgeon's console overview illustration from the da 
Vinci™ System User Manual. 
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In operation, the surgical instrument is inserted into the patient throt 
port or incision. The surgical instrument is manipulated by an instrument arm to provide the 
instrument with a total of seven degrees of motion, i.e. six degrees of freedom and grip. The 
forearm is insertable and retractable along the forearm axis through the small incision and is 
rotatable about the forearm axis. The forearm also pivots at the incision. The wrist pivots the 
tool tip relative to the forearm. For some tools, an instrument arm moves a first element of the 
tool tip relative to a second element of the tool tip (e.g. scissors, such as Potts Scissors or 
Round Tip Scissors, forceps, such as DeBakey Forceps or Micro Forceps, needle holders, clip 
appliers, or like tools having a first element and a second element). 

The servomechanism translates movement of the hand-controlled master arms 
(by the surgeon at the surgeon's console) to movement of the tool tip, and actuation of the 
master handle effects actuation of the tool tip (e.g. forceps, scissors, electrocautery, etc.) to 
manipulate tissue (e.g. grasping, cutting, blunt and sharp dissection, approximation, ligation, 
electrocautery, and suturing) within the patient body. The servomechanism continually 
repositions and reorients the tool tip in the patient body in response to repositioning and 
reorientation of the master handle. The display on the surgeon's console corresponds with the 
masters so that the image from the endoscope as viewed by the surgeon and the master handle 
as held by the surgeon appear to define an integral body during positional and orientational 
movements of the master handle and the tool tip. 

The da Vinci™ System was approved, after a regulatory review by the FDA, on 
July 11, 2000 for use in endoscopic surgical procedures (e.g. laparoscopic surgery). 1 United 
States Patent No. 5,808,665 is directed to endoscopic surgical instruments, systems, and 
methods that involve insertion of an endoscopic instrument into a patient through a small 
incision for endoscopic surgery (see also paragraph (8), infra). 

(2) The regulatory review of the approved product was conducted under both 
sections 515 and 510(k) of Chapter 5 of the Federal Food, Drug, and Cosmetic Act (hereinafter 
"FD&C Act"). As the approved product was subjected to regulatory review under section 515, 



1 A related medical device known as the Monarch™ System was approved under 510(k) #K965001 application on 
July 31, 1997. The Monarch™ System generally comprised an electromechanical endoscopic instrument control 
system for accurate control of selected endoscopic instruments by a surgeon for thoracoscopic and laparoscopic 
surgical procedures. The Monarch™ System and its approved use fell within the scope of U.S. Patent No. 5,808,665 
Instrument approval was limited to rigid endoscopes, blunt endoscopic dissectors, and endoscopic retractors. 
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Applicants are entitled to a patent term extension, even though approval was finally granted 
under section 510(k), for the following reasons. 

35 U.S.C. § 156(a) sets forth five statutory requirements for a patent to be 
eligible for patent term extension. Under §156(a)(l) and (a)(2), the term of patent '665 
(January 21, 2012) has not expired before the present application is submitted (September 11, 
2000), and that the term of patent '665 has never been extended under §1 56(e)(1). Under 
§1 56(a)(3), the application for extension is being submitted by an agent of the owner of record 
of patent '665 and is in accordance with the requirements of § 156(d)(1) through (d)(4). 

The fourth requirement for patent term extension, § 156(a)(4), states, "the 
product has been subject to a regulatory review period before its commercial marketing or 
use." For medical devices, the term "regulatory review period" is defined in § 156(g)(3)(B) 
(see 37 C.F.R. §1. 720(d)) as follows: 

(i) the period beginning on the date a clinical investigation on 
human involving the device was begun and ending on the date an 
application was initially submitted with respect to the device under 
section 515, and 

(ii) the period beginning on the date an application was initially 
submitted with respect to the device under section 515 and ending on 
the date such application was approved under such Act or the period 
beginning on the date a notice of completion of a product development 
protocol was initially submitted under section 515(f)(5) and ending on 
the date the protocol was declared completed under section 515(f)(6). 

(Emphasis added.) Therefore, within the plain language of 35 U.S.C. §156(a)(4) and 
§ 156(g)(3)(B), a regulatory review period begins at the initiation of human clinical trials, and 
ends on approval under the "Act," i.e. the FD&C Act, which includes both sections 515 and 
510(k) of Chapter 5. 2 While the calculation of the regulatory review period requires that an 
application be submitted under section 515, the statute thus clearly encompasses situations 
(such as the present case) where approval is eventually granted under another section of the 
FD&C Act. 



2 See United States Code, Title 21 (Food and Drugs), Chapter 9 (Federal Food, Drug, and Cosmetic Act), 
subchapter I (§301 "Short Title. This chapter may be referred to as the Federal Food, Drug, and Cosmetic Act." 
§§510 and 515 are included within Subchapter V (Drugs and Devices) of Chapter 9, and are therefore both sections 
of the same "Act," as that term is statutorily defined. 



Phillip S. Green 
Patent No.: 5,808,665 
Page 5 

Recent case law clarifies that a regulatory review period under section 51000 
alone does not give rise to eligibility for a patent term extension under 35 U.C.S. 156. In re 
Nitinol Medical Technologies Inc., 17U.S.P.Q.2d 1492, 1492-1493 (Comm'r Pat. & Tm. 
1990). See also Baxter Diagnostics v. AVL Scientific Corp., 25 U.S.P.Q.2d 1428, 1434 (CD. 
Cal. 1992). However, this case law is limited to reviews performed solely under section 
5 10(k). As such, Nitinol Medical and Baxter Diagnostics are distinguishable from this case in 
which a great deal of review unquestionably occurred under section 515. 

Applicants meet the statutory requirements for a patent term extension, 
including the defined regulatory review period, under the plain language of 35 U.S.C. 
§ 156(a)(4) and § 156(g)(3)(B). Applicants began their first clinical investigations on humans 
on July 27, 1998. On January 17, 1999 Applicants submitted a section 510(k) application 
#K990144 to the FDA seeking laparoscopic approval for its da Vinci™ System. On May 19, 
1999, the FDA reclassified the da Vinci™ System into a class III device requiring Pre-Market 
Approval (hereinafter "PMA") under section 515. Applicants complied with the FDA- 
mandated reclassification by (a) submitting a complete PMA application #P990079 on 
November 18, 1999 based on the same clinical data gathered during its earlier human clinical 
investigations, and (b) requesting that the FDA approve the da Vinci™ System under section 
515 for laparoscopic procedures. The FDA accepted the PMA application for filing on 
November 29, 1999. On May 22, 2000, the FDA again reclassified the da Vinci™ System so 
that its corresponding PMA application #P990079, which had been reviewed for over a year 
under section 515, was reverted back to a 510(k). On July 11, 2000, the FDA approved the 
510(k) application #K990144, with the submission date marked as November 18, 1999, the 
date the PMA application #P990079 under section 515 was submitted to the FDA. (See also 
paragraphs (9)-(10), infra.) 

In addition to meeting the statutory requirements under 35 U.S.C. § 156(a)(4) 
and § 156(g)(3)(B), the equities strongly favor the grant of a patent term extension. Applicants 
complied with a FDA mandate by filing a complete PMA under section 515 of the FD&C Act 
to gain final approval under that section for its product to perform laparoscopic procedures. 
Applicants were subjected to the rigorous review standards set forth in section 515, and the 
regulatory review period was primarily dominated by the section 515 review from May 19, 
1999 to May 22, 2000. Thus, the fact that FDA switched paths at the last moment (and 
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ultimately chose to grant a 510(k) approval after what was in all respects a section 515 review 
process) should be immaterial under a §156 analysis. 

The lone remaining requirement for patent term extension, § 156(a)(5), states, 
"the permission for the commercial marketing or use of the product after such regulatory 
review period is the first permitted commercial marketing or use of the product under the 
provision of law under which such regulatory review period occurred." (Emphasis added.) 
The permission granted on July 11, 2000 for commercial use of the da Vinci™ System is the 
first permitted commercial use of the product after a "regulatory review period" conducted 
under section 515 of the FD&C Act. 3 As such, the application fulfills the fifth and final 
requirement for a patent term extension under §156. 

In light of the plain meaning of the statute, Applicants are entitled to the 
requested patent term extension. 

(3) By letter dated July 11, 2000, the Office of Device Evaluation of the Center for 
Devices and Radiological Health granted permission to begin commercial marketing of the 
approved product for endoscopic surgery, although solely for laparoscopic (non-thoracoscopic) 
procedures. 

(4) The present application is being submitted within the sixty-day (60) period 
permitted for submission of such applications for extension of patent terms pursuant to 37 
C.F.R. § 1.720(f), the last day of said sixty-day (60) period being September 11, 2000. 

(5) United States Patent No. 5,808,665 for an "Endoscopic Surgical Instrument And 
Method For Use" is the patent for which a term extension is being sought. United States Patent 
No. 5,808,665 issued on September 15, 1998, naming Phillip S. Green as the inventor and SRI 
International as the assignee of 100% interest (assignment recorded in the PTO on January 21, 
1992 at Reel 5995, Frame 0749), and expiring on January 21, 2012. 

(6) A copy of United States Patent No. 5,808,665, including the entire specification 
(including claims) and drawings, is attached hereto as Exhibit F. 



3 The term "regulatory review period," in the phrase "first permitted use of the product under the provision of law 
under which such regulatory review period occurred," is defined by § 1 56(g)(3)(B), which requires a section 515 
review process. The Monarch™ System (see footnote 1, supra) was approved under section 510(k) of the FD&C 
Act after review solely under section 51 0(k). Since no section 515 review occurred for the Monarch™ System, that 
System has no associated "regulatory review period" under section 515 that would render the Monarch System's 
approval material to the present application for patent term extension. In short, the present application is based on 
the July 1 1, 2000 approval for the da Vinci™ System, i.e., the first FDA approval granted for the product in question 
post a "regulatory review period" under section 515. 
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(7) There are no disclaimers, certificate of corrections, receipts of maintenance fee 
payments, or re-examination certificates that have issued to date in United States Patent No. 
5,808,665. 

(8) Claims 1, 4, 6, 8, 1 1, 13, 15, 18, and 22-32 of United States Patent No. 
5,808,665 read on the approved product identified in paragraph (1) above, and the following is 
a showing which lists each applicable claim of said patent and demonstrates the manner in 
which each applicable claim reads on the approved product or method of using the approved 



product: 
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1. An endoscopic surgical instrument 
comprising a control section and an 
insertion section wherein: 


The da Vinci™ System includes a patient- 
side cart with endoscopic surgical 
instruments supported by articulating arms. 


the insertion section is insertable into a 
patient through a small incision to a 
location adjacent a worksite in the 
patient; 


The surgical instrument is inserted into the 
patient through a small port or incision 
adjacent a surgical worksite in the patient. 


the insertion section comprises a rigid 
forearm link, a wrist link and an end 
effector wherein: 


The portion of the surgical instrument 
inserted into the patient comprises a rigid 
forearm, a wrist link, and a tool tip. 


ItlkZ JUr&Urfrl llflK iltlo CI JJf (JAlrrlUl t^rll*, t* 

distal end and a forearm axis extending 
longitudinally from the proximal end of 
the forearm link to the distal end of the 
forearm link; 


Thp instrument forearm has a nroximal 
end, a distal end, and a forearm axis 
therebetween. 


the wrist link has a proximal end and a 
distal end and a wrist axis extending from 
the proximal end of the wrist link to the 
distal end of the wrist link; 


The instrument wrist link has a proximal 
end, a distal end, and a wrist link axis 
therebetween. 


the proximal end of the forearm link is 
connected to the control section, the distal 
end of the forearm link is connected to a 
pivotal wrist joint; and 


The proximal end of the forearm is 
connected to the articulate arm by a sterile 
adapter. The distal end of the forearm is 
connected to a pivotal wrist joint. 


the proximal end of the wrist link is 
connected to the pivotal wrist joint and the 
distal end of the wrist link is connected to 
the end effector; 


The proximal end of the wrist link is 
connected to the forearm by the wrist joint. 
The distal end of the wrist link is connected 
to the tool tip. 


and the control section comprises a 
plurality of control motors and linkages to 
operate the insertion section with at least 
five degrees of freedom including: 


The articulate instrument arm of the 
patient-side cart has multiple motors and 
linkages to provide the instrument with a 
total of seven degrees of motion, as 
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The Approved Product 




follows: 


insertion and retraction of the forearm 
link along the forearm axis and through 
the small incision; 


The forearm is inserted and retracted along 
the forearm axis and through the incision 
by the arm. 


rotation of the forearm link about the 
forearm axis; 


The arm rotates the forearm about the 
forearm axis. 


pivotal motion of the forearm link about a 
first pivotal axis and a second pivotal axis 
which are perpendicular to each other and 
intersect the forearm axis at a pivot point 
between the proximal end of the forearm 
link and the distal end of the forearm link 
adjacent the small incision wherein such 
pivotal motion of the forearm link avoids 
lateral movement of the forearm link at 
the pivot point; and 


The forearm pivots spherically (i.e., about 
two perpendicular axes) about a point of 
rotation (remote center) along the forearm 
at the incision to cause pivoting at the 
incision and so as to avoid lateral 
movement of the forearm at the incision. 


pivotal motion of the wrist link relative to 
the forearm link. 


The wrist pivots relative to the forearm. 


4. The endoscopic surgical instrument 
as described in claim 1 wherein the end 
effector comprises a first element and a 
second element and wherein the control 
section moves the first element relative to 
the second element. 


The approved endoscopic instrument tools 
include scissors, such as Potts Scissors or 
Round Tip Scissors, forceps, such as 
DeBakey Forceps or Micro Forceps, needle 
holders, clip appliers, or like tools having a 
first tool tip element and a second tool tip 
element. The instrument arm moves the 
first element relative to the second element. 


6. The endoscopic surgical instrument as 
described in claim 1 wherein the end 
effector comprises a surgical instrument 
head selected from the group of 
retractors electrosur&ical cutters 
electrosurgical coagulators, forceps, 
needle holders, scissors, blades and 
irrigators. 


The approved endoscopic instrument tools 
include rigid endoscopes, blunt and sharp 
endoscopic dissectors, scissors, scalpels, 
forceps/pick-ups, needle holders, 
endoscopic retractors, stabilizers, and 
electrocautery tools. 


8. A surgical method for endoscopic 
surgery comprising the steps of: 


The da Vinci™ System is approved for use 
in endoscopic surgical procedures. 


providing an endoscopic surgical 
instrument comprising a control section 
and an insertion section; 


The da Vinci™ System includes a patient- 
side surgical can wixn two anicuiaiing 
arms that support endoscopic instruments. 


inserting the insertion section into a 
patient through a small incision to a 
location adjacent a worksite inside the 
patient, wherein the insertion section 


The surgical instrument is inserted into the 
patient through a small port or incision 
adjacent a worksite in the patient. The 
portion of the surgical instrument section 
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The Approved Product 


comprises a rigid forearm link, a wrist 
link and an end effector, and wherein: 


inserted into the patient generally 
comprises a rigid forearm, a wrist link, and 
a tool tip. 


the forearm link has a proximal end, a 
digital end and a forearm axis extending 
longitudinally from the proximal end of 
the forearm link to the distal end of the 
forearm link; 


The instrument forearm has a proximal 
end, a distal end, and a forearm axis 
therebetween. 


the wrist link has a proximal end and a 
distal end and a wrist axis extending from 
the proximal end of the wrist link to the 
distal end of the wrist link; 


The wrist link has a proximal end, a distal 
end, and a wrist axis therebetween. 


the proximal end of the forearm link is 
connected to the control section, the distal 
end of the forearm link is connected to a 
pivotal wrist joint; 


The proximal end of the forearm is 
connected to the arm by a sterile adapter. 
The distal end of the forearm is connected 
to an instrument wrist joint. 


the proximal end of the wrist link is 
connected to the pivotal wrist joint and the 
distal end of the wrist ioint is connected to 
the end effector; and the forearm link is 
inserted distally along the forearm axis 
through the small incision; 


The proximal end of the wrist link is 
connected to the wrist joint. The distal end 
of the wrist link is connected to the tool tip. 
The forearm is inserted distally through the 
incision. 


operating a servomechanism to rotate the 
forearm link about the forearm axis; 


Operation of a servomechanism rotates the 
forearm about the forearm axis. 


operating the servomechanism to pivot the 
forearm link about a first pivotal axis and 
a second pivotal axis which are 
perpendicular to each other and intersect 
the forearm axis at a pivot point, the pivot 
point disposed between the proximal end 
of the forearm link and the distal end of 
the forearm link and adjacent the small 
incision, wherein such pivotal operation of 
the forearm link avoids lateral movement 
of the forearm link at the pivot point; 


Operation of the servomechanism pivots 
the forearm about a spherical point of 
rotation at the incision and along the 
forearm to cause pivoting at the incision 
and so as to avoid lateral movement of the 
forearm at the incision. 


operating the servomechanism to pivot the 
wrist link relative to the forearm; and 


Operation of a servomechanism pivots the 
wrist link relative to the forearm. 


manipulating numan tissue wun tne enu 
effector at the worksite inside the patient. 


performed by the tool tips at the worksite 
inside the patient. 


11. The method as described in claim 8 
wherein: 


The approved endoscopic instrument tools 
include scissors, such as Potts Scissors or 
Round Tip Scissors, forceps, such as 
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The Approved Product 


the end effector comprises a surgical 
instrument having a jirst element ana a 
second element; and 

the method comprises the additional 
step of operating the servomechanism to 
move the first element relative to the 
second element 


DeBakey Forceps or Micro Forceps, needle 
holHpr^; Hir> annliers or like tools having a 
first element and a second element. 
Operation of a servomechanism moves the 
first element relative the second element. 


13. The surgical method as described 
in claim 8 wherein: 

the end effector comprises a surgical 
instrument head selected from the group 
consisting of retractors, electrosurgical 
cutters, electrosurgical coagulators, 
forceps, needle holders, scissors, blades 
and irrigators; and 

the step of manipulating human tissue 
comprises the step of actuating the surgical 
instrument head. 


The approved endoscopic instrument tools 
include rigid endoscopes, blunt and sharp 
endoscopic dissectors, scissors, scalpels, 
forceps/pick-ups, needle holders, 
endoscopic retractors, stabilizers, 
electrocautery, and other accessories for 
endoscopic surgical procedures. 
Instrument tools are actuated for 
endoscopic manipulation and treatment of 
tissue, including grasping, cutting, blunt 
and sharp dissection, approximation, 
ligation, electrocautery, and suturing. 


15. An endoscopic surgical instrument 
comprising an insertion section and a 
control section wherein: 


The approved da Vinci System includes 
a patient-side surgical cart with two 
articulating arms supporting surgical 
instruments. 


the insertion section is insertable into a 
patient through a small incision to a 
location adjacent a worksite in the 
patient; 


The surgical instrument is inserted into the 
patient through a small port or incision 
adjacent a worksite in the patient. 


the insertion section comprises a rigid 
forearm link, a wrist link and an end 
effector wherein: 


The portion of the surgical instrument 
inserted into the patient generally 
comprises a rigid forearm, a wrist link, and 
a tool tip. 


the forearm link has a proximal end, a 
distal end and a forearm axis extending 
longitudinally from the proximal end of 
the forearm to the distal end of the 
forearm; 


The instrument forearm has a proximal 
end, a distal end, and a forearm axis. 


the wrist link has a proximal end and a 
distal end and a wrist axis extending from 
the proximal end of the forearm to the 
distal end of the forearm; 


The wrist link has a proximal end, a distal 
end, and a wrist axis. 


the proximal end of the forearm link is 
connected to the control section, the distal 
end of the forearm link is connected to a 
pivotal wrist joint; and 


The proximal end of the forearm is 
connected to the instrument arm by a sterile 
adapter. The distal end of the forearm is 
connected to a pivotal wrist joint. 
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the proximal end of the wrist link is 
connected to the pivotal wrist joint and the 
distal end of the wrist joint is connected to 
the end effector; 


The proximal end of the wrist link is 
connected to the wrist joint. The distal end 
of the wrist link is connected to the tool tip. 


and the control section comprises: 


The instrument arm includes: 


means for inserting and retracting the 
forearm link along the forearm axis and 
through the small incision; 


Motors and linkages which insert and 
retract the forearm along the forearm axis 
through the incision. 


means for rotating the forearm link about 
the forearm axis; 


Another motor rotates the forearm about 
the forearm axis. 


means for pivoting the forearm link about 
a first pivotal axis and a second pivotal 
axis which are perpendicular to each 
other and intersect the forearm axis at a 
pivot point between the proximal end of 
the forearm link and the distal end of the 
forearm link adjacent the small incision, 
wherein such pivotal means avoids lateral 
movement of the forearm link at the pivot 
point; and 


Still other motors pivot the forearm about 
two axes which intersect at the insertion 
point to cause pivoting at the incision and 
so as to avoid lateral movement of the 
forearm at the incision. 


means for pivoting the wrist link relative 
to the forearm link so as to control the 
angle between the forearm axis and the 
wrist axis. 


Yet another motor of the arm pivots the 
wrist relative to the forearm via cables. 


18. The endoscopic surgical 
instrument as described in claim 15 
wherein the end effector comprises a first 
element and a second element and 
wherein the control section further 
comprises means for moving the first 
element relative to the second element. 


Endoscopic instrument tools may include 
scissors, such as Potts Scissors or Round 
Tip Scissors, forceps, such as DeBakey 
Forceps or Micro Forceps, needle holders, 
cup appners, or nice toois naving a nrsi 
element and a second element. The arm 
includes motors for moving the first element 
relative the second element. 


22. A minimally invasive surgery 
system comprising: 


The da Vinci 1M System is approved for 
minimally invasive surgery. 


a surgical station including a 
manipulating linkage supporting an 
actuatable end effector, the manipulator 
including an elongate rigid member 

ritiVirii* u pruAifiii&i tzriu. ciriu ti utoiui t>Atu, 

wherein a joint is disposed between the 
distal end of the member and the end 
effector; 


A patient-side surgical cart has two 
articulating mechanical arms that support 
surgical instruments. The instruments 
comprise a rigid forearm member having a 

nrnYimfll pnH and a Hiatal pnH an arJiifitahlp 

lhua.iij.icii v/iiu cu.lv! <x uiotcii vsiivi, cui avLuciiauiv' 

tool tip, and a wrist disposed between the 
distal end of the member and the tool tip. 


a control station including an actuatable 
handle and a movable controller; and 


A surgeon's console supports two movable 
master arms each having an actuatable 
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handle. 


a servomechanism coupling the handle to 
the end effector so that actuation of the 
handle effects actuation of the end effector 
to manipulate tissue at an internal 
surgical site within a patient body, 
wherein the servomechanism moves the 
end effector within the internal surgical 
site in response to movement of the 
controller by pivoting the member about a 
first pivotal axis and a second pivotal axis 
which are perpendicular to each other and 
intersect at an insertion point between the 
proximal and distal ends of the member, 
wherein such pivotal movement of the 
member avoids lateral movement of the 
member at the insertion point, and by 
articulating the joint distally of the 
insertion point and within the patient 
body. 


A servomechanism couples the handles of 
the master arms to the tool tips so that 
actuation of the handle effects actuation of 
the tool tip to manipulate tissue within the 
patient body. The servomechanism pivots 
the member about a mechanically fixed 
point of rotation adjacent a perpendicular 
insertion point about two axes to cause 
pivoting at the incision and so as to avoid 
lateral movement of the member at the 
insertion point, and also articulates the 
wrist distally of the insertion point. 


23. The minimally invasive surgery 

vwfpni nf rlniwt 77 whpypin thp iwpjti hpy 

comprises a rigid forearm link defining a 
forearm axis extending longitudinally 
from the proximal end of the forearm to 
the distal end of the forearm, and further 
comprising: 


The rigid member comprises a forearm 
defining a longitudinal forearm axis. 


a wrist link pivotally connected to the 
distal end of the forearm so as to pivot 
about a first axis which is generally 
perpendicular to the longitudinal forearm 
axis of the forearm link' 


The wrist pivots a wrist link about a first 
axis perpendicular to the forearm axis. 


wherein the end effector comprises an end 
effector member coupled to the wrist link 
by the joint so as to move about a second 
axis which is generally perpendicular to 
the first axis 


The tool tip is coupled to the wrist link by 
the wrist joint so as to move about a second 
axis perpendicular to the first axis. 


24. The minimally invasive surgery 
system of claim 23, wherein said end 
effector includes a pair of jaw elements 
pivotally coupled to the wrist link. 


The approved tool tip include scissors, such 
as Potts Scissors or Round Tip Scissors, 
forceps, such as DeBakey Forceps or Micro 
Forceps, needle holders, clip appliers, or 
like tools having a pair of jaw elements. 


25. The minimally invasive surgery 
system of claim 22, wherein the 


The servomechanism, in response to 
movement of the handle, drives the forearm 
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servomechanism drives the proximal end 
of the member laterally relative to an axis 
of the member in first and second degrees 
of freedom, and wherein the 
servomechanism drives the proximal end 
of the member axially relative to the axis 
in a third degree of freedom in response to 
movement of the controller. 


member laterally relative to a forearm axis 
in first and second degrees of freedom. 
The servomechanism also drives the 
forearm member axially in a third degree of 
freedom. 


26. The minimally invasive surgery 
system of claim 25, wherein the 
servomechanism pivots the end effector so 
as to orient the end effector within the 
patient body with a plurality of degrees of 
freedom relative to the member. 


The servomechanism pivots the tool tip so 
as to orient the tool tip with a plurality of 
degrees of freedom relative to the forearm 
member. 


27. The minimally invasive surgery 
system of claim 22, wherein the control 
station includes a station housing, wherein 
the controller comprises a linkage 
coupling the handle to the station housing, 
wherein the servomechanism repositions 
the end effector in the internal surgical 
site in response to repositioning of the 
handle in a station workspace, and 
wherein the servomechanism reorients 
then end effector in the internal surgical 
site in response to reorientation of the 
handle in the station workspace. 


The surgeon's console includes a console 
housing structure, and the master arms 
couple the handles to the console structure. 
The servomechanism repositions and 
reorients the tool tip in the patient body in 
response to repositioning and reorientation 
of the handle in a console workspace. 


28. The minimally invasive surgery 
system of claim 27, wherein the surgical 
station includes an endoscope oriented 
toward the end effector, wherein the 
control station includes a display coupled 
to the endoscope so as to produce an 
image of the end effector, and wherein the 
display is oriented relative to the handle 
and the servomechanism is programmed 
so that the image of the endoscope as 
viewed by an operator and the handle as 
held by a hand of the operator appear to 
ine operator 10 aejine an miegrui uuuy 
during positional and orientational 
movements of the handle and the end 
effector. 


The patient-side cart also includes a camera 
arm supporting an endoscope oriented 
towards the tool tip during use. The 
surgeon's console includes a display 
coupled to the endoscope to provide an 
image of the tool tip. The display is 
aligned with the masters so that the image 
of the endoscope as viewed by an operator 
and the handle as held by the operator 
appear to define an integral body during 
positional and orientational movements of 
the handle and the tool tip. 


29. The minimally invasive surgery 
system of claim 22, wherein the end 


Approved tool tips include rigid 
endoscopes, blunt and sharp endoscopic 
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effector comprises a surgical instrument 
head selected from the group consisting of 
retractors, electrosurgical cutters, 
electrosurgical coagulators, forceps, 
needle holders, scissors, blades, and 
irrigators. 


dissectors, scissors, scalpels, forceps/pick- 
ups, needle holders, endoscopic retractors, 
stabilizers, electrocautery, and other 
accessories for endoscopic surgical 
procedures. 


30. A minimally invasive surgery 
system comprising: 


The da Vinci IM System is approved for 
minimally invasive surgery. 


a surgical station including a manipulator 
linkage supporting an end effector so that 
the end effector can move in three 
dimensions, the manipulator including an 
elongate rigid member having a proximal 
end and a distal end, the proximal end of 
the member movable in a plurality of 
proximal degrees of freedom, wherein a 
joint is disposed between the distal end of 
the member and the end effector, the joint 
nrovidinp a nluralitv of distal decrees of 
freedom; 


A patient-side surgical cart has two 
articulating mechanical arms that support 
surgical instruments. The instruments 
comprise a rigid forearm member having a 
proximal end and a distal end. The 
proximal end of the member is movable in 
a plurality 01 proximal degrees 01 nreeaom 
so that a tool tip is movable in three 
dimensions. A wrist joint is disposed 
between the distal end of the member and 
the tool tip, the wrist providing a plurality 
of distal degrees of freedom. 


a control station including an actuatable 
handle and a movable controller, the 
actuatable handle movable in a three 
dimensional station workspace; and 


A surgeon's console supports two movable 
master arms, each having an actuatable 
handle movable in a three dimensional 
console workspace. 


a servomechanism coupling the handle to 
the end effector so that actuation of the 
handle effects actuation of the end 
effector, the servomechanism coupled to 
the manipulator so that movement of the 
controller in the three dimensional space 
effects movement of the end effector in the 
surgical site by driving the proximal end 
in the proximal degrees of freedom, by 
pivoting the member about a first pivotal 
axis and a second pivotal axis which are 
perpendicular to each other and intersect 
at an insertion point between the proximal 
end and the distal end, wherein such 
pivotal movement of the member avoids 
lateral movement of the member at the 
insertion point, and by articulating the 
joint about the distal degrees of freedom. 


A servomechanism couples the handles to 
the tool tips so that movements of the 
master arms in the three dimensional 
workspace effects movement of the tool tip 
at the surgical site by driving the proximal 
end in the proximal degrees of freedom by 
pivoting the member about two 
perpendicular axes at an insertion point (to 
cause pivoting at the incision and so as to 
avoid lateral movement of the member at 
the insertion point), and by articulating the 
wrist joint about the distal degrees of 
freedom. 


31. A minimally invasive surgery 
method comprising: 


The da Vinci IM System is approved for 
minimally invasive surgery. 
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inserting a surgical end effector into an 
internal surgical site of a patient body 
through a net 'cutaneous nenetration the 

effector attached to a rigid member by 
a joint; 


During use, a tool end is inserted into an 
internal surgical site of a patient body 
through a percutaneous penetration, the 
tool end attached to a rigid member by a 
wrist joint. 


actuating the end effector to manipulate 
tissue in response to actuation of a handle 
of a control station; 


The tool end is actuated to manipulate 
tissue in response to actuation of a master 
handle at a surgeon's console. 


moving the end effector at the surgical site 
with a servomechanism in response to 
movement of the handle by driving a 
proximal end of the member outside the 
patient body with the servomechanisms 
and by articulating the joint inside the 
patient body with the servomechanism, 
wherein the member pivots about a first 
pivotal axis and a second pivotal axis 
which are perpendicular to each other and 
intersect at the percutaneous penetration 
between the proximal end of the member 
and a distal end of the member when the 
end effector is moved by the 
servomechanism so as to avoid lateral 
movement of the member relative to the 
percutaneous penetration. 


The tool end is moved with a 
servomechanism in response to movement 
of the handle by driving a proximal end of 
the member outside the patient body and by 
articulating the wrist inside the patient body. 
The member pivots spherically about a 
mechanically fixed point of rotation 
(adjacent the percutaneous incision) when 
the tool tip is moved by the servomechanism 
to cause pivoting at the incision and so as to 
avoid lateral movement of the member 
relative to the percutaneous incision 


32. The minimally invasive surgery 
method of claim 31, wherein the member 
comprises a rigid forearm, wherein a 
wrist member is pivotally connected to the 
forearm member by the joint so as to pivot 
about a firs axis, and wherein the end 
effector comprises a plurality of end 
effector elements movably coupled to the 
wrist member so as to move about a 
second axis that is generally 
perpendicular to the first axis; 


The rigid member comprises a forearm. A 
wrist link is pivotally connected to the 
forearm by the wrist joint so as to pivot 
about a first axis. The tool tip is movably 
coupled to the wrist link so as to move about 
a second axis generally perpendicular to the 
first axis. 


wherein the moving step is performed by 
manually pivoting a wrist-pivoting 
element of a control assembly by cause the 
wrist member to pivot correspondingly 
about the distal forearm end and along the 
first axis; and 


The moving step is performed by manually 
pivoting a wrist-pivoting element of a 
control master. 


wherein the end effector actuation step is 
performed by manually actuating the 
handle to cause the end effector elements 


The tool tip actuation step is performed by 
manually actuating the master handle. 
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to move about the second axis. 
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(9) The relevant dates and information pertinent to 35 U.S.C. § 1 56(g) and 37 
C.F.R. §L740(a)(10)(v) 5 are provided in order to enable the Secretary of Health and Human 
Services to determine the applicable regulatory review period (See also paragraph (2), supra): 

12/19/97 The effective date of investigation device exemption (hereinafter "IDE") 

#G970281 . On this date approval was issued conditional on compliance with 
certain formalities. 

07/27/98 The date on which a clinical investigation on humans was begun. 

1 1/29/99 The date on which an application for product approval was initially submitted 

and filed by the FDA under PMA #P990079. 
07/1 1/00 The date the application was approved. 
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(10) A brief description of the significant activities undertaken during the applicable 
regulatory review period with respect to the approved product, and the significant dates 
applicable to such activities, follows: 

11/17/97 Submission of Investigation Device Exemption application (hereinafter "IDE") 
#G970281 to the Food and Drug Administration (hereinafter "FDA"). 

1 1 /20/97 Notification from FDA acknowledging receipt of IDE #G97028 1 application. 

1 21 1 6/97 Telephone conference with FDA discussing FDA questions/requests with IDE 
#G970281 application. 

12/17/97 Letter to FDA responding to FDA concerns of 12/16/97. 

1 21 1 9/97 Notification from FDA indicating conditional approval of IDE #G97028 1 
application to conduct an investigation at 4 institutions. 

0 1 /07/98 Submission of first supplement to IDE #G97028 1 application. 

02/06/98 Notification from FDA acknowledging receipt and approval of first supplement 
to conduct an investigation at 6 institutions. 

02/04/98 Submission of second supplement to IDE #G97028 1 application. 

02/06/98 Submission of third supplement to IDE #G97028 1 application. 

02/09/98 Submission of fourth supplement to IDE #G97028 1 application. 

03/19/98 Submission of fifth supplement to IDE #G970281 application. 

03/3 1/98 Notification from FDA regarding agreements reached with respect to the fourth 
and fifth supplements. 

05/02/98 Submission of sixth supplement to IDE #G97028 1 application. 

06/03/98 Submission of seventh supplement to IDE #G97028 1 application. 

06/04/98 Notification from FDA acknowledging receipt and approval of sixth supplement 
to conduct an investigation at 9 institutions. 

06/29/98 Submission of eighth supplement to IDE #G97028 1. application. 

07/27/98 First clinical investigation on humans under IDE #G970281. 

07/30/98 Notification from FDA acknowledging receipt and review of eighth supplement. 

09/1 1/98 Submission of ninth supplement to IDE #G97028 1 application. 

10/14/98 Notification from FDA acknowledging receipt and review of ninth supplement. 
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11/1 9/98 Meeting with FDA to present preliminary summary of study results under IDE 
#G970281 and obtain guidance on future FDA submissions. 

01/17/99 Submission of Section 510(k) #K990144 application to FDA. 

01/28/99 Submission of tenth supplement to IDE #G970281 application. 

02/05/99 E-mail from FDA requesting additional information for 5 1 0(k) #K990 144 
application. 

02/09/99 Letter to FDA responding to FDA 02/05/99 E-mail. 

03/03/99 Notification from FDA acknowledging receipt and review of tenth supplement. 

03/ 1 8/99 Submission of eleventh supplement to IDE #G97028 1 application. 

04/07/99 Submission of twelfth supplement to IDE #G97028 1 application. 

04/12/99 Notification from FDA acknowledging receipt and review of twelfth 
supplement. 

04/12/99 Notification from FDA acknowledging receipt and review of eleventh 
supplement. 

05/19/99 FDA reclassified the da Vinci™ System into a Class III device requiring Pre- 
Market Approval (hereinafter "PMA") submission. 

07/27/99 Letter to FDA regarding PMA module submission. 

09/02/99 Letter from FDA regarding postpanel status of 5 1 0(k) #K990 1 44 application. 

09/29/99 Letter to FDA regarding PMA module submission plan. 

10/1 1/99 Letter to FDA regarding PMA module submission plan. 

1 0/27/99 Submission of PMA shell #M990046 application to FDA. 

1 1/10/99 Notification from FDA indicating receipt of PMA shell #M990046 application. 

1 1/1 8/99 Submission of PMA #P990079 application to FDA. 

1 1/29/99 Notification from FDA indicating receipt and filing of PMA #P990079 
application. 

1 2/03/99 Submission of first PMA #P990079 amendment. 

12/07/99 Notification from FDA acknowledging receipt of first PMA amendment. 

1 2/22/99 Submission of second PMA #P990079 amendment. 

12/23/99 Notification from FDA acknowledging receipt of second PMA amendment. 
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01/03/00 Submission of third PMA #P990079 amendment. 

0 1/04/00 Notification from FDA acknowledging receipt of third PMA amendment. 

01/12/00 Notification from FDA indicating submission of complete PMA #P990079 
application with a filing date of 1 1/29/99. 

01/14/00 Meeting with FDA to discuss status of PMA #P990079 application. 

02/02/00 E-mail from FDA indicating deficiencies in PMA #P990079 application. 

02/03/00 Submission of fourth PMA #P990079 amendment. 

02/22/00 Notification from FDA acknowledging receipt of fourth PMA amendment. 

02/24/00 Submission of progress report for IDE #G97028 1 . 

03/02/00 FDA sponsor-monitor inspection of Intuitive Surgical, Inc. for IDE #G97028 1 
andPMA#P990079. 

03/1 5/00 Letter from FDA indicating the results of the 03/02/00 inspection. 

03/23/00 Letter to FDA responding to deficiencies noted in 03/15/00 letter. 

04/27/00 Letter from FDA regarding FDA sponsor-monitor inspection of 03/02/00, 
indicating objectionable conditions were found and requesting corrective 
actions regarding maintenance of records, proper monitoring and investigator 
compliance, and failure to conduct investigation in accordance with plan and 
FDA conditions. 

05/05/00 Letter to FDA responding to letter of 04/27/00 with corrective actions. 

05/1 7/00 Letter from FDA indicating deficiencies in PMA #P990079 application. 

05/1 8/00 Submission of fifth PMA #P990079 amendment. 

05/19/00 Notification from FDA acknowledging receipt of fifth PMA amendment. 

05/22/00 Telephone conference with FDA regarding reclassification of the da Vinci™ 

System so that its corresponding PMA application #P990079 was reverted back 
toa510(k). 

05/24/00 Submission of draft labeling to the FDA. 

05/3 1/00 Letter from FDA regarding satisfaction with the corrective actions taken by 

Intuitive Surgical, Inc. as explained in 05/05/00 letter and requesting additional 
information. 

06/08/00 Letter to FDA regarding FDA 05/31 /00 letter. 

07/1 1/00 Letter from FDA indicating the approval of 51 0(k) #K990144 application, 
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with the submission date marked as 11/18/99 (the date of the PMA 
#P990079 application submission). 
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(1 1) In the opinion of the Applicants, U.S. Patent No. 5,808,665 is eligible for an 
extension of its term as herein requested, and a statement as to the length of the term extension 
requested, including how the length of the extension was determined, follows: 

An extension of the term of U.S. Patent No. 5,808,665 of four hundred forty- 
five (445) days from January 21, 2012 (the original expiration date), to and including April 11, 
2013, is being requested hereby. 

Pursuant to 35 U.S.C. § 156(c) and 37 C.F.R. §1.777, the term of a patent 
eligible for extension under § 156(a) shall be extended by the time equal to the "regulatory 
review period" (as defined in § 156(g)(3)(B)) for the approved product, subject to certain 
exceptions. The applicable "regulatory review period" herein for an approved product that is a 
medical device is calculated under § 156(g)(3)(B), as follows (See also paragraphs (9)-(10), 
supra): 



Under § 156(g)(3)(B), the regulatory review period 
for a medical device is the sum of: 




§156(g)(3)(B)(i), the period beginning on the date a 
clinical investigation was begun and ending on the 
date an application was initially submitted with 
respect to the device under section 515 


07/27/98 to 
11/29/99 
= 490 days 


§156(g)(3)(B)(ii), the period beginning on the date 
the application was initially submitted with respect 
to the device under section 515 and ending on the 
date such application was approved under such act 


11/29/99 to 
07/11/00 
= 225 days 


§ 156(g)(3)(B), regulatory review period 


= 715 days 



The regulatory review period is reduced pursuant to exceptions in 35 
U.S.C. §156(c) and 37 C.F.R. §1.777(d)(l), as follows: 



§ 1 56(g)(3)(B), regulatory review period 


= 715 days 


37 C.F.R. §1.777(d)(l)(i), the eligible period is 
reduced by the number of days which were on and 
before the date on which the patent issued 


07/27/98 to 
09/15/98 
= 51 days 


37 C.F.R. §1.777(d)(l)(ii), the eligible period is 
reduced by any period during which the applicant 
did not act with due diligence 


0 days 


37 C.F.R. §1.777(d)(l)(iii), the remaining period 
calculated under §156(g)(3)(B)(i) is reduced by 
one-half (1/2) after deductions, if any, under 
(d)(l)(i) and(d)(l)(ii) 


490 days less 51 
days 

= 439 days 
reduced by one- 
half (1/2) 
= 219 days 


Regulatory period per 37 C.F.R. §1. 777(d)(1) 


= 445 days 
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Under 37 C.F.R. § 1.777(d)(2), the regulatory review period under 37 
C.F.R. § 1.777(d)(1), 445 days, is added to the remaining original term of the patent, 
January 21, 2012, which will extend the term of the '665 patent to April 1 1, 2013. 

Pursuant to the limiting provision of 37 C.F.R. § 1.777(d)(4), the date of 
extension is the earlier of dates per (d)(2), April 1 1, 2013, and (d)(3), fourteen (14) 
years from the date of approval of the application under section 515. Thus, under this 
section, the appropriate date of extension remains April 1 1, 20 13. 4 

Pursuant to the limiting provision of 37 C.F.R. §1 .777(d)(5)(h) for 
patents issued after September 24, 1984, the date of extension is the earlier of dates per 
(d)(4), April 11, 2013, and (d)(5)(i), five (5) years from the original expiration date of 
the patent, January 21, 2017. Accordingly, the date of extension pursuant to (d)(5)(ii) 
is still April 11,2013. 



Rule 1.777(d)(3) is only directed to capping patent extension terms that exceed fourteen (14) 
years from the date of approval of the application under section 515. The cap specified in §1. 777(d)(3) is not 
applicable to the present patent term extension calculation, since ultimate approval of the application occurred under 
section 510(k), on July 1 1, 2000. In any event, since 14 years from that date is later than the calculated extension 
date per (d)(2), this cap is not relevant to this extension. 
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(12) Applicants acknowledges its duty to disclose to the Commissioner of Patents 
and Trademarks and the Secretary of Health and Human Services any information which is 
material to the determination of entitlement to the extension sought. 

(13) The name, address, and telephone number of the person to whom inquiries and 
correspondence relating to this application are to be directed to is: Mark D. Banish, Townsend 
and Townsend and Crew LLP, Two Embarcadero Center, 8th Floor, San Francisco, California 
94111-3834, Tel: (650) 326-2400, Fax: (650) 326-2422. 

(14) Four duplicates of these application papers, certified as such, are submitted 
herewith. 

(15) A declaration as set forth in 37 C.F.R. 1.740(a)(17) is also submitted herewith. 
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The da Vinci™ Endoscopic Instrument 
Control System User Manual 




Taking surgical precision and technique 
beyond the limits of the human hand™ 



1.7.2 Surgical Cart Overview 




Surgical Cart Legend: 

A. Camera Arm 

B. Instrument Arm 

C. Center Column 

D. Set-up Joint Rail 

E. Handle 

F. Base 

G. Anchor Pad 




Legend: 



A. Camera Head (attached to Camera Ann) 

B. Endoscope (Scope) 

C Instrument Arm Clutch Button 

D. Instrument Ann Sterile Adapter 

E. ISI Instrument 

F. Instrument Ann Cannula Mount 



G. Cannula 

PL Remote Center 

I. Camera Arm Sterile Adapter 

J. Camera Arm Cannula Mount 

K. Set-up Joint Release 
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Instruments 
(from left to right) 


Description 


Scalpel/Electrocautery 


Serves the dual purpose of holding either a scalpel or a cautery 
blade. The blades are disposable and can be inserted into and 
removed from the Instrument 


Large Needle Holder 


Has carbide inserts and is specifically designed to grasp larger 
needles 


Clip Applier 


Specifically designed to apply small clips to ligate vessels 


DeBakey Forceps 


Designed for atraumatic grasping of tissue 


Potts Scissors 


Designed for delicate cutting of tissue 


Round Tip Scissors 


Designed to cut tissue or suture 


Micro Forceps 


Has the most delicate Instrument tip and is designed to grasp 
smaller needles as well as tissue 
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1.7 The da Vinci™ System Component Overview 



1.7.1 Sugeon Console Overview 




Legend: 

A. Surgeon Console Shell 

B. View Port 

Bl. Head Rest 
B2. Infrared Sensor 
B3. Stereo Viewer 

C. Master 

D. Viewer Height Controls 

E. User Interface Panel 

F. Armrest 

G. Foot Switch Assembly 
GL CLUTCH 

G2. CAMERA 
G3. +/- (Camera Focus) 
G4. (For future use) 
G5. COAG 



H. User Switch Panel 
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[57] ABSTRACT 

A teleoperator system with telepresence is shown which 
includes right and left hand controllers (72R and 72 L) for 
control of right and left manipulators (24R and 24L) through 
use of a servomechanism that includes computer (42). The 
teleoperator system comprises a endoscope surgical instru- 
ment suited for endoscopic- surgery. The surgical instrument 
comprises a control servomechanism which operates an 
insertion section. The insertion section comprises a forearm, 
a wrist and an end effector. The end effector is a modified 
surgical instrument such as retractors, electrosurgical 
cutters, electrosurgical coagulators, forceps, needle holders, 
scissors, blades and irrigators. The control section contains 
motors and linkages which operate the insertion section with 
five or more degrees of freedom. The control section inserts, 
retracts, pivots and rotates the forearm with four degrees of 
freedom about axes that all intersect adjacent a small inci- 
sion through which the insertion section is introduced to the 
patient. The control section also pivots the wrist with al least 
one degree of freedom relative to the forearm and operates 
the end effector. The surgical manipulator provides superior 
flexibility in performing endoscopic procedures compared to 
standard rigid endoscopic instruments and is adapted for 
teleoperator control. 
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ENDOSCOPIC SURGICAL INSTRUMENT The present invention includes manipulators located at a 

AND METHOD FOR USE worksite and which are controlled by hand-operated means 

at a remote operator control station. End effectors at the 
This is a Continuation of application Sen No. 07/823,932 manipulators are used for manipulating objects located in a 
filed Jan. 21, 1992 now abandoned. 5 workspace at the worksite, and force-torque feedback is 

employed for transmitting back to the operator mechanical 
FIELD OF THE INVENTION resistance encountered by the end effectors. Stereographic 

This invention relates generally to teleoperator method visual display means provide the operator with an image of 
and apparatus, and particularly to those which include the workspace. In accordance with the present invention, the 
means for providing the operator of remote apparatus with 10 i™age is located adjacent the hand-operator means so that 
the same sense as working directly with his hands at the & c operator looks in the direction of the hand-operated 
worksite. means for viewing the image adjacent the hand-operated 

means. Either a real or virtual image of the workspace may 
BACKGROUND OF THE INVENTION ^ provided adjacent ^ band . operatcd means . Display 

Teleoperating, which is well known, includes the human 15 means for display of real image may be located adjacent the 
performance of tasks at a remote location using manipula- hand-operated means for direct viewing of the real image by 
tors. Telepresence includes providing the teleoperator with the operator. For display of a virtual image of the workspace, 
the same feedback and control that he would have were he a mirror is located between the operator's eyes and the 
actually at the worksite carrying out the operation with his hand-operated means. In this case, display means provide a 
own hands. Telepresence operation generally includes use of 2 o rea * i&iage which is inverted from top to bottom, which 
a stationary visual display, particularly a stereographic inverted image is viewed via the mirror, which mirror inverts 
visual display of the remote workspace. Stereoscopic tele- the image and provides the operator with a virtual image of 
vision systems are well known as shown, for example, in the workspace, which appears to be located adjacent the 
U.S. Pat. Nos. 4,562,463 and 4,583,117 and in U.K. Patent hand-operated means. By locating the image of the work- 
Application GB 2,040,134. 2 s s P ace adjacent the hand-operated means the operator is 

Remote manipulators employing stereoscopic TV view- provided with a sense that the end effectors and hand- 
ing together with force feedback also are well known as operated means are substantially integral despite the fact the 
shown, for example, in an article entitled, "Controlling end effectors are located at the worksite and the hand- 
Remote Manipulators Through Kinesthetic Coupling," operated means are located at the remote operator's station. 
Befczy et al, Computers in Mechanical Engineering, July 30 A stereophonic sound system may be included to provide the 
1983, pps. 48-60, and in an article entitled, "Stereo Advan- operator with stereophonic sound from the worksite. Video 
tage for a Peg-In-Hole Task Using a Force-Feedback camera means are provided for viewing the workspace from 
Manipulator by E. H. Spain, SPIE Vol. 1256 Stereoscopic which an image of the workspace is obtained. Various other 
Displays and Applications, 1990, pps. 244-254. In the sensors and associated responders may be located at the 
Bejczyetal article, force-torque feedback is disclosed. Also, 35 worksite and operator's station, respectively, for transmis- 
in U.S. Pat. No. 3,921,445, a manipulator which includes Sl0n of pressure, tactile, heat, vibration and similar infor- 
force, torque and slip sensors of a type which may be mation for enhance telepresence operation, 
employed with the present invention is shown. Depending upon the application, different scaling may be 

Even though the operator of prior art manipulators is provided in the transmission of information between the 

provided with a stationary three-dimensional image of the 40 operator's station and worksite. For example, for 

workspace, and manual controllers for control of the microassembly, microsurgery and like operations involving 

manipulators are provided with feedback, the operator is not smal1 P arl manipulation, optical and/or video magnification 

provided with a sense of actually being present at the mav be employed to provide an enlarged 3-dimensional 

worksite. The present invention is directed to a viewing image for viewing by the operator. With similar scaling 

arrangement for use in a remote manipulation system which 45 between the hand operated means and manipulators, the 

substantially adds to the operator's sense of presence at the perception of the operator is substantially that which a 

remote manipulator site. miniature operator would have were he at the worksite. 

SUMMARY AND OBJECTS OF THE BRIEF DESCRIPTION OF THE DRAWINGS 

INVENTION 5Q The invention, together with other objects and advantages 

An object of this invention is the provision of an improved thereof, will be better understood from the following 

teleoperator system and method which include an improved description considered with the accompanying drawings. It 

viewing system to enhance the operator's sense of presence w iU De understood that the drawings are for purposes of 

at remote manipulators controlled by the operator from a illustration and example only, and that the invention is not 

remote location. 55 limited thereto. In the drawings, wherein like reference 

An object of this invention is the provision of an improved characters refer to the same parts in the several views, 
teleoperator system and method of the above-mentioned FIG. 1 is a diagrammatic showing of a teleoperator system 
type wherein an image of manipulator end effectors for embodying the present invention including side elevational 
viewing by the operator are sensed by the operator as views of a worksite and remote control operator's station; 
comprising an integral part of hand-controllers used by the 60 FIG. 2 is an enlarged rear elevational view of the opera- 
operator to control the end effectors, thereby giving the tor's station taken substantially along line 2 — 2 of FIG. 1; 
operator a strong sense of presence at the worksite. FIG. 3 is an enlarged rear elevational view of the worksite 

An object of this invention is the provision of an improved taken substantially along line 3 — 3 of FIG. 1; 

teleoperator system and method of the above-mentioned FIG. 4 is a simplified side elevational view which is 

type which is well adapted for use in a wide variety of 65 similar to FIG. 1 and showing dimensional relationships 

applications including military, industrial, biomedical, and between elements at the worksite and elements at the 

the like. operator's station; 
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FIG. 5 is a diagrammatic view to illustrate visual percep- production of stereoscopic signal outputs therefrom at lines 

tion by a miniature virtual eye, and 48R and 48L. The angle y between the optical axes of the 

FIG. 6 is a diagrammatic view to illustrate visual percep- cameras shown in FIG. 3 is substantially equal to the 

tion by the operator when image magnification is employed; operator's interocular viewing angle y of an image of the 

„ . . . , . . ., . c c workspace as shown in FIG. 2. 

FIG. 7 is a diagrammatic view which is similar to that of D ™ r . , * * . i- Aon ^ aoj 

, , , , - . 1 . t jr.i The video camera outputs at lines 48R and 48 L are 

FIG. 1 but showing the teleoperator system used for telep- .. , . en r , c 

b r } r supplied to an image memory 50 for momentary storage of 

resence surgery; video fidds of fight aod left images ffom ^ cameras Fields 

FIG. 8 is a rear elevational view of the operator's station G f right and left images from image memory 50 are alter- 

shown in FIG. 7; ^ nately supplied through left/right switch means 52 to visual 

FIG. 9 is a rear elevational view of the worksite shown in display means 54, such as a television monitor, for alternate 

FIG. 7; display of the two images at the face 54A of the monitor. 

FIGS. 10 and 11 are fragmentary side elevational views of Timing and control means 56 provide timing and control 

modified forms of operator's station and manipulator, signals to various elements of the system, including ele- 

respectively, having increased degrees of freedom; ments included in the stereographic display system, for 

FIG. 12 is a side elevational view of a modified form of si 8 nal U c min S and c p ntr ° 1 ° u f the s y stera : If d ^ al stora S e 

, , . l ■ j ■ i j c means 50 are employed, then conversion of the camera 

operator s station wherein display means are positioned for . 4 t t v r , . , r , , , .„ , 

.f . . , . . signal outputs to digital signal form by analog to digital 

direct viewing by the operator; . • . . ^ ■ 

& 3 r converter means prior to storage, and conversion ot the 

FIG. 13 is a rear elevational view of the modified form of digital signal outpul from i e fi/right switch means to analog 

operator's station shown in FIG. 12; and 2 0 signal form in preparation for display at monitor 54 may be 

FIG. 14 shows a fragmentary portion of the insertion employed, 

portion of an endoscope for use with the present invention. An electrooptical device 58 at the face of the display 

DESCRIPTION OF THE PREFERRED means 54 controls polarization of light received from dis- 

EMBODIMENTS P* a ^ means ^ under control of a left/right synchronizing 

25 signal from timing and control unit 56. The left and right 

Reference now is made to FIGS. 1-3 wherein the tele- image fields are viewed by operator 18 wearing a pair of 

operator system is shown in include an operator's station 20 passive polarized glasses 60 having right and left polarizing 

(FIGS. 1 and 2) and worksite 22 (FIGS. 1 and 3). An elements 62 and 64 polarized in orthogonal directions. The 

operator 18 at the operator's station controls manipulator polarization of light from display 54 through electrooptical 

means 24 at the remote worksite. Manipulator means 24, 30 device 58 is synchronized field by field such that the right 

comprising right and left manipulators 24R and 24 L, field is occluded from the left eye and the left field is 

respectively, are used for manipulating objects, such as occluded from the right eye for stereographic viewing by the 

object 26 which is shown located on a platform, or base, 28 operator. Other means for stereographic viewing of left and 

within a workspace 30 shown in broken lines. For purposes right image fields are well known, including, for example, 

of illustration only, and not by way of limitation, the right 35 those using active stereographic glasses, which may be used 

manipulator 24R is shown to comprise a housing 32R affixed in the practice of this invention to provide the operator with 

to base 28 and from which housing telescopic arm 34R a stereoscopic view of the remote workspace, 

extends. The inner end 34R1 of arm 34R is mounted for The vertical deflection coil connections for monitor 54 are 

pivotal movement in any pivotal direction using conven- reversed, causing the monitor to scan from bottom to top 

tional mounting means. For example, the inner end of arm ^ thereby creating a top-to-bottom inverted image 301 of 

34R may be mounted for pivotal movement about a hori- workspace 30. Letters a, b, c and d are used to identify 

zontal pivot axis 36 which pivot axis, in turn, is adapted for corresponding corners of the workspace 30 and inverted 

pivotal movement about vertical axis 38. workspace image 301. The inserted workspace image 301 is 

Arm 34R includes telescopic inner section 34R1 and outer viewed by the operator via a mirror 66 at the top of a table 

section 34 R2, which outer section is adapted both for axial 45 68, which mirror inverts image 301 to return the image as 

movement into and out of inner section 34R1 and for viewed by the operator to an upright position. Looking 

rotation about its longitudinal axis. An end effector 40R is downwardly in the direction of the mirror, the operator 

carried at the outer end of the arm which, for purposes of views a virtual image 30V of workspace 30. In accordance 

illustration, is shown to comprise a gripper. Motor means, with one aspect of the present invention, the image viewed 

not shown, control pivotal movement of arm 34R about 50 by the operator, which in the FIG. 1-3 embodiment com- 

pivot axes 36 and 38, axial and rotary movement of outer prises a virtual image, is located adjacent controller means 

arm section 34R2 along and about the longitudinal axis of 70 used by the operator for control of manipulator means 24 

the arm, and opening and closing of gripper 40R. The motor at the worksite. 

means, together with motor control circuits for control of the Controller means 70 are shown located beneath the tale 

motors, may be included in housing 32R. The motors are 55 top 68 and include right and left controllers 72R and 72L for 

under control of a computer 42 connected thereto through control of the respective right and left manipulators 24R and 

right manipulator interface 44R and the above-mentioned 24L. The right and left controllers are of substantially the 

motor control circuits. same design so that a description of one applies to both. As 

The left manipulator 24L is of substantially the same with the manipulators, the suffixes R and L are used to 

design as the right manipulator 24R and the same reference 60 distinguish elements of the right controller from those of the 

numerals, but with the suffix L instead of R, are sued to left controller. For purposes of illustration, and not by way 

identify similar parts. For purposes of illustration, the left of limitation, the right controller 72R is shown to comprise 

end effector 40L, shown in FIG. 3, is seen to comprise a housing 74R affixed to the bottom of table top 68 and from 

cutting blades which operate to cut in the manner of a pair which hand-operated means 76R in the form of a telescopic 

of scissor blades. 65 control arm, or stick, extends. 

The worksite is provided with a pair of video cameras 46R The right and left control arms 76R and 76L are provided 

and 46L for viewing workspace 30 from different angles for with the same degrees of freedom as the associated manipu- 
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lator arms 34R and 34L, respectively. For example, the inner Between elements of the worksite and operator station, 

end of control arm 76R is mounted for pivotal movement the following relationships pertain: 
about a horizontal pivot axis, corresponding to manipulator 
pivot axis 36, which axis, in turn, is adapted for pivotal 

movement about an intersecting vertical axis, corresponding 5 a+b-kL, (l) 
to manipulator axis 38. Control arm 76R also includes inner 

section 76R1 and outer section 76R2, which outer section is d ~ kD > and (2) 



adapted both for axial movement into and out of inner 
section 76R1 and for rotation about its longitudinal axis. It 



g-kG (3) 



will be apparent that the control arm 76R is provided with 1Q whcre k is a ^ factQr 

the same four degees of freedom as the associated mampu- such a+b d=K and nQ ^ 

lator arm 34R. Additionally, sensor means 78R are located - ■ j 

adjacent the outer end of outer arm section 76R2 for use in of worksUe dimer^ions is required. 

controlling gripping action of gripper 40R. Similar sensor u fac £' ma y * ^P 1 ^ * e Inventl ° n ° ot 
means 78L adjacent the outer end of control arm 76L are ***** t0 WUscalt manipulation. For example, the 
adapted for use in controlling operation of scissor blades 15 worksite can be small, including microscopic m size, in 
40L which case the optical parameters, including distance to 
Right and left controllers 72R and 72L are included in a °*>ject, mterocular distance and focal length, and mechanical 
servomechanism system wherein mechanical motion of con- and dimensional parameters are appropriately scaled, 
trol arms 76R and 76L controls the position of manipulator By using appropriate scaling and image magnification and 
arms 34R and 34L, and pressure on sensor means 78R and 20 force and torque feedback, and by locating the image 30V of 
78L controls opening and closing of end effectors 40R and the workspace 30 adjacent hand-operated control means 76R 
40L, respectively. In FIG. 1, right and left hand controller and 76L, the operator is provided with a strong sense of 
interfaces 80R and 80L, respectively, are shown for con- directly controlling the end effectors 40R and 40L. The 
nection of the controllers to computer 42. Servomechanisms operator is provided with a sense that the end effectors 40R 
for control of mechanical motion oat a remote location are 25 and 40L and respective control arms 76R and 76 L are 
well known, including those which provide force and torque substantially integral. This same sense of togetherness of the 
feedback from the manipulator to the hand-operated con- hand-operated control means and end effectors is not pro- 
troller means. Any suitable prior rat servomechanism may vided in prior art arrangements wherein the image viewed by 
be used in the practice of the present invention, with those the operator is not located adjacent the hand-operated con- 
incorporating force and torque feedback being particularly 30 trol means. Even where the prior art includes stereoscopic 
preferred for telepresence operation of the system. In the viewing and force and torque feedback, there is a feeling of 
illustrated system, right and left microphones are included at disconnectedness of the hand motions from the visual image 
the worksite, outputs from which microphones are amplified object being worked upon. The present invention overcomes 
by right and left amplifiers and supplied to right and left this sense of disconnectedness by locating the workspace 
speakers at the operator' station for providing a stereophonic 35 image where the operator's hand appear to exercise direct 
sound output to provide the operator with an audio perspec- control over the end effectors. 

tive present at the workspace. In FIG. 1, only the right For small-scale manipulation, such as required for surgi- 
channel of the stereophonic system is shown including right cal applications, it is desired to replicate the visual expcri- 
microphone 82R, right amplifier 86R and right speaker 88R. ence that a miniature observer would have were he closely 
The left microphone and speaker are located directly behind 40 adjacent the actual worksite. In FIG. 5, the virtual eye 90 of 
the respective right microphone and speaker at the worksite a hypothetical miniature observer is shown viewing an 
and operator's control station as viewed in FIG. 1. actual workspace. Light from a source at a point X, Y, Z in 
Obviously, earphones may be provided for use by the the actual workspace produces a stimulus on the miniature 
operator in place of the speakers which would help to block observer's eye 90 at a point identified as X'/M. In FIG. 6, an 
out external noises at the operator's control station. Also, in 45 eye 92 of an actual operator is shown viewing an enlarged 
FIG. 1 a light shield 54B at the monitor is shown for image of the virtual workspace produced by means of a 
blocking direct viewing of the monitor face by the operator. video camera 94 used to view the actual workspace. The 
Reference now is made to FIG. 4 wherein a simplified illustrated camera includes a light-receiving lens 96 and 
diagrammatic view of the system illustrated in FIG. 1-3 is solid state imaging device such as a charge-coupled -device 
shown and wherein various lengths and angular positions are 50 (CCD) array 98 where the point light source at X, Y, Z is 
identified by reference characters. In FIG. 4, the optical path shown imaged at point X„ Y„ Z,. With correct scaling, a 
length between the cameras and a point F at the workspace corresponding light source is produced at point MX,, MY,-, 
is identified by reference character L. A corresponding path MZ, at either the real or apparent position of the face of the 
length between the operator's eyes and point F at the virtual visual display which, due to stereoscopic operation of the 
image of the workspace is identified by the distance a+b, 55 system appears to the operator to originate from point MX, 
where a is the distance from the eyes of the operator to MY, MZ corresponding to point X, Y, Z at the actual 
mirror 66, and b is the distance from the mirror to point F workspace. At the retina of the actual eye 92, a stimulus is 
at the virtual image. Other dimensions shown include the produced at point X' at proportionately the same position as 
height G of the cameras above the pivot point of manipulator point X'/M at eye 90 of the hypothetical observer. This 
arm 34R and corresponding height g of the operator's eyes 60 relationship is ensured by selecting a correctly scaled cam- 
above the pivot point of control arm 76R. With the control era distance and lens focal length such that the optical 
arm 76R at length d, the manipulator arm 34R adjusts to magnification M C =M/M V where M is the desired overall 
length D. Similarly, with the control arm 76R at an angle $ A magnification and M v is the video magnification. A typical 
with the vertical, the manipulator arm 34R is positioned at video magnification, M w which equals the ratio of the 
the same angle from vertical. The angle from vertical at 65 CCD-array 98 width to the display width, is about 40. 
which the cameras view the workspace and the eyes view the Reference now is made to FIGS. 7 through 9 wherein a 
virtual image of the workspace is identified by a. modified form of this invention is shown for medial use. 
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Here, right and left manipulators 100R and 100L are shown 
which are under control of right and left controllers 102R 
and 102 L, respectively. Elements of the imaging system are 
substantially the same as those employed in the imaging 
system illustrated in FIGS. 1-3 described above except that 5 
an enlarged virtual image 104V of actual workspace 104 is 
provided for viewing by the operator. Also, servoraechanism 
elements for connection of the right and left controllers 
102R and 102L to the respective manipulators 100R and 
100L are substantially the same as those described above 10 
with reference to FIGS. 1-3. In the illustrated arrangement, 
the right and left manipulators are of substantially the same 
construction as are the right and left controllers, such that a 
description of one manipulator and one controller applies to 
both. Again, suffixed R and L are used to distinguish 15 
between right and left elements thereof. 

The manipulators include outer control sections 100RA 
and lOOLAand insertion sections 100RB and 100LB, which 
insertion sections are adapted for insertion into a body cavity 
through cylindrical tubes, or cannulas, not shown. For 20 
purposes of illustration, the manipulators are shown inserted 
through the abdomen wall 106 of a subject. As is well 
understood, for laparoscopic surgical procedures, wall 106 is 
separated from internal organs by insufflation wherein a gas 
is introduced into the abdomen by any suitable means not 25 
shown. Manipulator motors and associated motor control 
circuits are contained in the outer control sections 100RA 
and 100 LA of the manipulators for control of the insertion 
section. The manipulators, together with a laparoscope 108 
for viewing organs within the cavity, are carried by a fixed 30 
rail 110 forming part of a surgical table upon which the 
subject is supported. 

The insertion sections 100RB and 100LB of the manipu- 
lators may be of substantially the same design as manipu- 
lator arms 34R and 34L described above with reference to 35 
the FIGS. 1-3 embodiment. The insertion sections are of 
relatively small size for use inside the body. Insertion section 
100RB includes telescopic inner section 112R1 and outer 
section 112R2, which outer section is adapted for both axial 
movement into and out of inner section 112R1 and for 40 
rotation about its longitudinal axis. End effectors 114R and 
114L are carried at the outer ends of the respective right and 
left sections 112R2 and 112L2 for manipulation of organ 
116. The inner section 112R1 is adapted for pivotal move- 
ment about intersecting perpendicular axes located substan- 45 
tially at point P where the insertion section intersects wall 
106. Exclusive of operation of end effectors 114R and 114L 
the manipulator rams each are provided with four degrees of 
freedom, the same as in the embodiment shown in FIGS. 
1-3. End effectors 114R and 114L simply may comprise, 50 
essentially, microsurgical instruments with their handles 
removed including, for example, retractors, electrosurgical 
cutters and coagulators, microforceps, microneedle holders, 
dissecting scissors, blades, irrigators, and sutures. 

Laparoscope 108 for viewing the workspace 104 is shown 55 
comprising an outer operating section 108A and insertion 
section 108B. The outer end section 120 of insertion section 
108B is axiaily and rotatably movable within the inner end 
122 thereof, and is provided with a pair of image transmis- 
sion windows 124, 124 for stereoscopic viewing of work- 60 
space 104. The laparoscope also is provided with illuminat- 
ing means, not shown for illuminating the workspace, and 
with liquid inlet and outlet means, not shown, for flow of 
liquid past the windows. Video camera means within section 
108 A are responsive to light received through the viewing 65 
windows for generation of left and right electronic images at 
output lines 48R and 48L for connection to image memory 



50. A magnified 3-dimensional image 1041 is produced at 
display means 54 for viewing by the operator wearing 
cross-polarized glasses 60 via mirror 66. As with the 
embodiment shown in FIGS. 1-3, a virtual image 104V of 
the workspace 104 is produced adjacent control arms 130R 
and 130L of controllers 102R and 102L. Control arms 130R 
and 130L are of the same type as control arms 76R and 76L 
included in the FIGS. 1-3 embodiment described above. 
They include telescopic inner and outer sections 132R1 and 
132R, and 132L1 and 132L2. Sensor means 134R and 134L 
located adjacent the outer ends of the control arms control 
operation of end effectors 114R and 114L, respectively, in 
the manner described above with reference to FIGS. 1-3. It 
here will be noted that the angle from vertical at which the 
image is viewed by the operator need not equal the angle 
from vertical at which the object is viewed by the cameras. 
In the arrangement illustrated in FIGS. 7-9, the operator is 
shown to view the image 104V at an angle 8 from vertical 
(FIG. 7) whereas the object 116 is shown as viewed directly 
downwardly. With no external reference, the sense of ver- 
tical within a body is not particularly great, and no confusion 
is produced in the mind of the operator as a result of the 
different observer and camera viewing angles relative to 
vertical. 

With the FIGS. 7-9 embodiment, not only is a magnified 
virtual image 104V of the workspace provided for viewing 
by the operator, but control arms 130R and 130Lof greater 
length than the length of the manipulator insertion sections 
100RB and 100LB are employed. Servomechanism scaling 
of axial movement of the telescopic control arms is provided 
such that axial extension or retraction thereof results in a 
smaller extension or retraction of the telescopic insertion 
sections. Angular pivotal motion of the control arms 130R 
and 130L produces the same angular pivotal motion of 
insertion sections 100RB and 100LB, and rotational move- 
ment of the end sections 132R2 and 132L2 of the control 
arms produces the same rotational motion of end sections 
112R2 and 112L2 of the insertion sections of the right and 
left manipulators, without scaling. This embodiment of the 
invention, with its magnified image, is of particular use in 
the area of microsurgery, and especially in those cases where 
the surgeon cannot reach an area by hand because of size 
constraints. 

The present invention is not limited to use with manipu- 
lators having any particular number of degrees of freedom. 
Manipulators with different degrees of freedom which are 
well known in the art may be used in the practice of this 
invention. In FIGS. 10 and 11, to which reference now is 
made a controller 140 and manipulator 142, respectively, are 
shown which include a wrist joint to provide the same with 
additional freedom of movement. The illustrated controller 
140 includes a housing 144 affixed to the bottom of table top 
68 upon which table mirror 66 is located. An enlarged virtual 
image 146V of actual workspace 146 is provided adjacent 
the operator's hand 148 viewable by the operator when 
looking downwardly onto the mirror 66 in a manner 
described above. 

A control arm 150L comprising inner and outer sections 
150L1 and 150L2, respectively, is mounted within housing 
144 for pivotal movement in any pivotal direction as indi- 
cated by intersecting double-headed arrows 152 and 154. 
The outer section 150L2 is adapted for axial movement into 
and out of inner section 150L1 in the direction of double- 
headed arrow 156. It also is adapted for rotation about its 
longitudinal axis in the direction of double-headed arrow 
158. In this embodiment, the control arm includes an end 
section 160 pivotally attached to outer section 150L2 by 
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wrist joint 162 for pivotal movement in the direction of 
double-beaded arrow 164. End section 160 comprises axi- 
ally aligned inner and outer sections 160A and 160B, the 
outer section 160B of which is rota table about its longitu- 
dinal axis in the direction of double-headed arrow 166. As 
with the above-described arrangements, sensor means 168 
are located adjacent the free end of the control arm for 
operation of an end effector 170 at manipulator 142 shown 
in FIG. 11. 

Referring to FIG. 11, end effector 170 is shown to 
comprise a pair of movable jaws attached to a wrist 172 
comprising axially aligned links 172A and 172B. Outer link 
172B is rotatable about its longitudinal axis relative to inner 
link 172 A by motor means, not shown, in the direction of 
double-headed arrow 166M in response to rotation of sec- 
tion 160B of the hand-operated control unit in the direction 
of arrow 166. Wrist link 172 A is pivotally attached to 
manipulator forearm 174 for pivotal movement in the direc- 
tion of double-headed arrow 164M in response to pivotal 
movement of end section 160 of the hand-operated control 
means about pivot axis 162. Forearm 174 is longitudinally 
axially movable in the direction of double-headed arrow 
156M in response to axial movement of outer section 150L2 
of control arm 150L in the direction of double-headed arrow 
156. It also is rotatable about its longitudinal axis in the 
direction of double-headed arrow 158M in response to 
rotation of outer section 150L2 of control arm 150L in the 
direction of double-headed arrow 158. Additionally, it is 
pivotally movable about point 176 in the directions of 
double-headed arrows 152M and 154M in response to 
pivotal movement of control arm 150L in the directions of 
double-headed arrows 152 and 154, respectively For bio- 
medical use, such as remote laparoscopic surgery, pivot 
point 176 is substantially located at the level of abdominal 
wall 178 through which the manipulator extends. In FIG. 11, 
manipulator arm 174 is shown extending through a cannula 
180 which penetrates the abdominal wall. 

The outer operating end of the manipulator is adapted for 
attachment to a supporting rail, not shown, of the surgery 
table upon which the subject is supported. It includes an end 
effector drive motor 182 for opening and closing of gripper 
170. Wrist drive motor 184 controls pivotal movement of 
wrist 172 in the direction of double-headed arrow 164M, and 
extension drive motor 186 controls axial movement of 
manipulator arm 174 in the direction of double-headed 
arrow 156M. Forearm pivotal control motors and linkages, 
identified generally by reference numeral 188, provide for 
pivotal movement of arm 174 about pivot point 176 in the 
directions of arrows 152M and 154M. Pivotal motion about 
point 176 is provided by simultaneous lateral movement of 
the outer operating end of the manipulator and pivotal 
movement of arm 174. Movements are coordinated such that 
the center of rotation of forearm 174 is fixed in space at point 
176 at the level of the abdominal wall. 

Controller 140 and manipulator 142 are included in a 
system such as shown in FIGS. 7, 8 and 9 which includes a 
second controller and manipulator for use by the operator's 
right hand, and associated servomechanism means of any 
suitable type, not shown, for remote control of the manipu- 
lators by the hand-operated controllers. Video camera means 
at the worksite, such as shown in FIG. 9, together with 
display means, such as shown in FIG. 7, arc employed for 
providing the operator with an image of the workspace at a 
location adjacent the left and right hand-operated control 
means. By using manipulators with a wrist joint, an added 
degree of freedom is provided for increased maneuverability 
and usefulness thereof. However, as noted above, the present 
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invention is not limited to use with manipulators with any 
particular degree of freedom. 

Reference now is made to FIGS. 12 and 13 wherein a 
modified form of this invention is shown which provides for 
direct viewing of a 3-dimensional image 2401 of a 
workspace, not shown. In FIGS. 12 and 13, only the opera- 
tor's station is shown, which includes right and left control- 
lers 242R and 242 L and associated right and left hand- 
operated means 244R and 244L which may be of the same 
type as controllers and control arms described above. The 
operator's station is adapted for remote control of manipu- 
lators which also may be of the above-described type. The 
3^dimensional image 2401 of the workspace is provided by 
visual display means 246 in conjunction with electrooptical 
device 58 at the face of the display means and cross- 
polarized glasses 60 worn by the operator, to which display 
means left and right video fields from left and right video 
cameras that view the workspace are alternately supplied, all 
in the manner described in detail above. End effector and 
object images 248 and 250, respectively, are shown within 
the workspace image as viewed by video cameras at the 
worksite. The display means 246 is located adjacent the left 
and right hand-operated means 244R and 244L for direct 
viewing by the operator. With this arrangement, the end 
effector and object images together with the hand-operated 
means 244R and 244L are simultaneously viewable by the 
operator. Since the hand-operated means also are visible, the 
operator is provided with a visual sense of connection 
between the end effector means and hand-operated means 
whereby they appear substantially as being integral. 

Reference now is made to FIG. 14 wherein the distal end 
portion, or tip, 260 of the insertion section of an endoscope 
is shown which is of substantially the same type as shown 
in the above-mentioned publication entitled "Introduction to 
a New Project for National Research and Development 
Program (Large-Scale Project) in FY 1991" which endo- 
scope may be used in the practice of the present invention. 
The insertion end of the endoscope includes a pair of spaced 
viewing windows 262R and 262L and an illumination source 
264 for viewing and illuminating a workspace to be 
observed. Light received at the windows is focused by 
objective lens means, not shown, and transmitted through 
fiber-optic bundles to a pair of cameras at the operating end 
of the endoscope, not shown. The camera outputs are 
converted to a 3-dimensional image of the workspace which 
image is located adjacent hand-operated means at the opera- 
tor's station, now shown. Right and left steerable catheters 
268R and 268L pass through accessory channels in the 
endoscope body, which catheters are adapted for extension 
from the distal end portion, as illustrated. End effectors 270R 
and 270L are provided at the ends of the catheters which 
may comprise conventional endoscopic instruments. Force 
sensors, not shown, also are inserted through the endoscope 
channels. Steerable catheters which include control wires for 
controlling bending of the catheters and operation of an end 
effector suitable for use with this invention are well know. 
Control motors for operation of the control wires are pro- 
vided at the operating end of the endoscope, which motors 
are included in a servomechanism of a type described above 
for operation of the steerable catheters and associated end 
effectors from a remote operator's station. As with the other 
embodiments, the interfacing computer in the servomecha- 
nism system remaps the operator's hand motion into the 
coordinate system of the end effectors, and images of the end 
effectors are viewable adjacent the hand-operated control- 
lers in a manner described above. With this embodiment, the 
operator has the sensation of reaching through the endo- 
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scope to put his hands directly on the end effectors for 
control thereof. Endoscopes of different types may be 
employed in this embodiment of the invention so long as 
they include one or more accessory channels for use in 
control of end effector means, and suitable viewing means 5 
for use in providing a visual display of the workspace. For 
example, gastric, colonscopic, and like type, endoscopes 
may be employed. 

The invention having been described in detail in accor- 
dance with requirements of the Patent Statutes, various other 10 
changes and modifications will suggest themselves to those 
skilled in this art. For example, as noted above, the invention 
may include the use of tactile feedback to provide the subtle 
sensations for palpation and for manipulating tissues and 
instruments. To provide this feedback, tactile sensor arrays 15 
may be included on the end effectors which are coupled to 
tactile sensor stimulator arrays on the hand-operated control 
means, which reproduce the tactile sensation on the opera- 
tor's hand. A variety of transduction technologies for tele- 
operator tactile sensing are known including resistive/ 20 
conductive, semiconductor, piezoelectric capacitive and 
photoelectric. Hand-operated control means and manipula- 
tors of different types may be employed using a wide variety 
of well-known mechanisms and electromechanical elements 
including, for example, gimbals, linkages, pulleys, cables, 25 
drive belts and band, gear, optical or electromagnetic posi- 
tion encoders, and angular and linear motors. Force feed- 
back to the operator requires use of body contact with 
hand-operated control means. Both hand grip type hand 
controllers such as those illustrated, and control brace type 30 
hand controllers are well adapted for use with the present 
invention for force feedback to the operator. Control brace 
hand controllers include use of structures with positive 
sensors mounted on the operator at joints for measuring joint 
angles. Force feedback then can be applied to each joint. ' 35 
Similarly, light fabric gloves with variable-resistance or 
fiber-optic flex sensors mounted on the joints for measuring 
bending of individual fingers may be used. Gloves of this 
type also may be provided with force feedback to provide for 
telepresence interaction with real objects. Regardless of the 40 
type of hand-operated control means employed, an image of 
the workspace is produced adjacent thereto to provide the 
operator with a sense that the end effector means and 
hand-operated control means are substantially integral. Also, 
as noted above, servomechanisms of many different types 45 
are well known in the robotic and teleoperator system arts, 
and the invention is not limited to any particular type. Those 
that include force and torque feedback to the operator are 
preferred to contribute to a telepresence sense of operation. 
In addition, many different means for producing a stereo- 50 
scopic image of the workspace are known. For example, 
instead of using two cameras, a single camera may be 
employed together with switched cross- polarizing elements 
in the image receiving path. In this case, a pair of spaced 
stereoscopic lenses are used for viewing the workspace from 55 
different angles and providing first and second images 
thereof to the camera. In the FIG. 9 arrangement, wherein a 
laparoscope is shown, other types of endoscopes may be 
used for viewing the workspace. As noted above, the inven- 
tion is not limited to any particular application or use. In the 60 
biomedical field, uses include, for example, open surgery, 
including surgery from a remote location, microsurgery, and 
minimum invasive surgery such as laparoscopic and endo- 
scopic surgery. Laboratory use including microscopic 
manipulation also is contemplated. Industrial use of the 65 
invention include, for example, hazardous materials 
handling, remote operations, microassembly, and the like. 
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Military and undersea use of the teleoperator system of this 
system are apparent. It is intended that the above and other 
such changes and modifications shall fall within the spirit 
and scope of the invention defined in the appended claims. 
I claim: 

1. An endoscopic surgical instrument comprising a con- 
trol section and an insertion section wherein: 
the insertion section is insertable into a patient through a 

small incision to a location adjacent a worksite in the 

patient; 

the insertion section comprises a rigid forearm link, a 
wrist link and an end effector wherein: 

the forearm link has a proximal end, a distal end and a 
forearm axis extending longitudinally from the proxi- 
mal end of the forearm link to the distal end of the 
forearm link; 

the wrist link has a proximal end and a distal end and a 
wrist axis extending from the proximal end of the wrist 
link to the distal end of the wrist link; 

the proximal end of the forearm link is connected to the 
control section, the distal end of the forearm link is 
connected to a pivotal wrist joint; and 

the proximal end of the wrist link is connected to the 
pivotal wrist joint and the distal end of the wrist link is 
connected to the end effector; 

and the control section comprises a plurality of control 
motors and linkages to operate the insertion section 
with at least five degrees of freedom including: 

insertion and retraction of the forearm link along the 
forearm axis and through the small incision; 

rotation of the forearm link about the forearm axis; 

pivotal motion of the forearm link about a first pivotal axis 
and a second pivotal axis which are perpendicular to 
each other and intersect the forearm axis at a pivot point 
between the proximal end of the forearm link and the 
distal end of the forearm link adjacent the small 
incision, wherein such pivotal motion of the forearm 
link avoids lateral movement of the forearm link at the 
pivot point; and 

pivotal motion of the wrist link relative to the forearm 
link. 

2. The endoscopic surgical instrument as described in 
claim 1 wherein the wrist link comprises an inner link and 
an outer link and wherein the control section operates the 
insertion section with at least six degrees of freedom includ- 
ing movement of the outer link of the wrist link relative to 
the inner link of the wrist link. 

3. The endoscopic surgical instrument as described in 
claim 2 wherein the outer link of the wrist link and the inner 
link of the wrist link are axially aligned and wherein the 
control section rotates the outer link relative to the inner 
link. 

4. The endoscopic surgical instrument as described in 
claim 1 wherein the end effector comprises a first element 
and a second clement and wherein the control section moves 
the first element relative to the second element. 

5. The endoscopic surgical instrument as described in 
claim 2 wherein the end effector comprises a first element 
and a second element and wherein the control section moves 
the first element relative to the second clement. 

6. The endoscopic surgical instrument as described in 
claim 1 wherein the end effector comprises a surgical 
instrument head selected from the group of retractors, elec- 
trosurgical cutters, electrosurgical coagulators, forceps, 
needle holders, scissors, blades and irrigators. 
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1. The endoscopic surgical instrument as described in 
claim 1 wherein the control section is fixed to a support rail 
of a surgical table for support of a surgical manipulator 
during surgery. 

8. A surgical method for endoscopic surgery comprising 5 
the steps of: 

providing an endoscopic surgical instrument comprising a 
control section and an insertion section; 

inserting the insertion section into a patient through a 
small incision to a location adjacent a worksite inside 10 
the patient, wherein the insertion section comprises a 
rigid forearm Link, a wrist link and an end effector, and 
wherein: 

the forearm link has a proximal end, a digital end and a J5 
forearm axis extending longitudinally from the proxi- 
mal end of the forearm link to the distal end of the 
forearm link; 

the wrist link has a proximal end and a distal end and a 
wrist axis extending from the proximal end of the wrist 2 o 
link to the distal end of the wrist link; 

the proximal end of the forearm link is connected to the 
control section, the distal end of the forearm link is 
connected to a pivotal wrist joint; 

the proximal end of the wrist link is connected to the 25 
pivotal wrist joint and the distal end of the wrist joint 
is connected to the end effector; and the forearm link is 
inserted distally along the forearm axis through the 
small incision; 

operating a servomechanism to rotate the forearm link 30 
about the forearm axis; 

operating the servomechanism to pivot the forearm link 
about a first pivotal axis and a second pivotal axis 
which are perpendicular to each other and intersect the 35 
forearm axis at a pivot point, the pivot point disposed 
between the proximal end of the forearm link and the 
distal end of the forearm link and adjacent the small 
incision, wherein such pivotal operation of the forearm 
link avoids lateral movement of the forearm link at the An 

40 

pivot point; 

operating the servomechanism to pivot the wrist link 

relative to the forearm; and 
manipulating human tissue with the end effector at the 

worksite inside the patient. 45 

9. The method as described in claim 8 wherein: 
the endoscopic surgical instrument providing step com- 
prises providing a surgical manipulator with a wrist 
link which comprises an inner link and an outer link; 
and 50 

the method comprises the additional step of operating the 
servomechanism to move the outer link of the wrist link 
relative to the inner link of the wrist link. 

10. The method as described in claim 9 wherein: 
the surgical manipulator providing step comprises axially 

aligning the outer link of the wrist link; and 
the step of moving the outer link of the wrist link relative 

to the inner link of the wrist link comprises the step of 

operating the servomechanism to rotate the outer link 60 

relative to the inner link. 
U. The method as described in claim 8 wherein: 
the end effector comprises a surgical instrument having a 

first element and a second element; and 
the method comprises the additional step of operating the 65 

servomechanism to move the first element relative to 

the second element. 
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12. The method as described in claim 9 wherein: 
the end effector comprises a surgical instrument having a 

first element and a second element; and 
the method comprises the additional step of operating the 
servomechanism to move the first element relative to 
the second element. 

13. The surgical method as described in claim 8 wherein: 
the end effector comprises a surgical instrument head 

selected from the group consisting of retractors, elec- 
trosurgical cutters, electrosurgical coagulators, forceps, 
needle holders, scissors, blades and irrigators; and 
the step of manipulating human tissue comprises the step 
of actuating the surgical instrument head. 

14. The surgical method as described in claim 8 further 
comprising the step of mounting the control section on a 
support rail of a surgical table for support of a surgical 
manipulator during surgery. 

15. An endoscopic surgical instrument comprising an 
insertion section and a control section wherein: 

the insertion section is insertable into a patient through a 
small incision to a location adjacent a worksite in the 
patient; 

the insertion section comprises a rigid forearm link, a 

wrist link and an end effector wherein: 
the forearm link has a proximal end, a distal end and a 
forearm axis extending longitudinally from the proxi- 
mal end of the forearm to the distal end of the forearm; 
the wrist link has a proximal end and a distal end and a 
wrist axis extending from the proximal end of the 
forearm to the distal end of the forearm; 
the proximal end of the forearm link is connected to the 
control section, the distal end of the forearm link is 
connected to a pivotal wrist joint; and 
the proximal end of the wrist link is connected to the 
pivotal wrist joint and the distal end of the wrist joint 
is connected to the end effector; 
and the control section comprises: 
means for inserting and retracting the forearm link along 

the forearm axis and through the small incision; 
means for rotating the forearm link about the forearm 
axis; 

means for pivoting the forearm link about a first pivotal 
axis and a second pivotal axis which are perpendicular 
to each other and intersect the forearm axis at a pivot 
point between the proximal end of the forearm link and 
the distal end of the forearm link adjacent the small 
incision, wherein such pivotal means avoids lateral 
movement of the forearm link at the pivot point; and 
means for pivoting the wrist link relative to the forearm 
link so as to control the angle between the forearm axis 
and the wrist axis. 

16. The endoscopic surgical instrument as described in 
claim 15 wherein the wrist link comprises an inner link and 
an outer link and wherein the control section further com- 
prises means for moving the outer link of the wrist link 
relative to the inner link of the wrist link. 

17. The endoscopic surgical instrument as described in 
claim 16 wherein the outer link of the wrist link and the inner 
link of the wrist link are axially aligned and wherein the 
control section further comprises means for rotating the 
outer link relative to the inner link. 

18. The endoscopic surgical instrument as described in 
claim 15 wherein the end effector comprises a first element 
and a second element and wherein the control section further 
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comprises means for moving the first element relative to the 
second element. 

19. The endoscopic surgical instrument as described in 
claim 16 wherein the end effector comprises a first element 
and a second element and wherein the control section further 5 
comprises means for moving the first element relative to the 
second element. 

20. The endoscopic surgical instrument as described in 
claim 17 wherein the end effector comprising a surgical 
instrument head selected from the group of retractors, elec- 
trosurgical cutters, electrosurgical coagulators, forceps, 
needle holders, scissors, blades and irrigators. 

21. The endoscopic surgical instrument as described in 
claim 17 wherein the control section further comprises 
means for mounting the control section on a support rail of ^ 
a surgical table for supporting the endoscopic surgical 
instrument during a surgical procedure. 

22. A minimally invasive surgery system comprising: 

a surgical station including a manipulating linkage sup- 
porting an actuatable end effector, the manipulator 2Q 
including an elongate rigid member having a proximal 
end and a distal end, wherein a joint is disposed 
between the distal end of the member and the end 
effector; 

a control station including an actuatable handle and a 25 
movable controller; and 

a servomechanism coupling the handle to the end effector 
so that actuation of the handle effects actuation of the 
end effector to manipulate tissue at an internal surgical 
site within a patient body, wherein the servomechanism 30 
moves the end effector within the internal surgical site 
in response to movement of the controller by pivoting 
the member about a first pivotal axis and a second 
pivotal axis which are perpendicular to each other and 
intersect at aa insertion point between the proximal and 35 
distal ends of the member, wherein such pivotal move- 
ment of the member avoids lateral movement of the 
member at the insertion point, and by articulating the 
joint distally of the insertion point and within the 
patient body, 40 

23. The minimally invasive surgery system of claim 22, 
wherein the member comprises a rigid forearm link defining 
a forearm axis extending longitudinally from the proximal 
end of the forearm to the distal end of the forearm, and 
further comprising: 45 

a wrist link pivotally connected to the distal end of the 
forearm so as to pivot about a first axis which is 
generally perpendicular to the longitudinal forearm 
axis of the forearm link; 

wherein the end effector comprises an end effector mem- 50 
ber coupled to the wrist link by the joint so as to move 
about a second axis which is generally perpendicular to . 
the first axis. 

24. The minimally invasive surgery system of claim 23, 
wherein said end effector includes a pair of jaw elements 55 
pivotally coupled to the wrist link. 

25. The minimally invasive surgery system of claim 22, 
wherein the servomechanism drives the proximal end of the 
member laterally relative to an axis of the member in first 
and second degrees of freedom, and wherein the servo- 60 
mechanism drives the proximal end of the member axially 
relative to the axis in a third degree of freedom in response 

to movement of the controller. 

26. The minimally invasive surgery system of claim 25, 
whereto the servomechanism pivots the end effector so as to 65 
orient the end effector within the patient body with a 
plurality of degrees of freedom relative to the member. 
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27. The minimally invasive surgery system of claim 22, 
wherein the control station includes a station housing, 
wherein the controller comprises a linkage coupling the 
handle to the station housing, wherein the servomechanism 
repositions the end effector in the internal surgical site in 
response to repositioning of the handle in a station 
workspace, and wherein the servomechanism reorients then 
end effector in the internal surgical site in response to 
reorientation of the handle in the station workspace. 

28. The minimally invasive surgery system of claim 27, 
wherein the surgical station includes an endoscope oriented 
toward the end effector, wherein the control station includes 
a display coupled to the endoscope so as to produce an 
image of the end effector, and wherein the display is oriented 
relative to the handle and the servomechanism is pro- 
grammed so that the image of the endoscope as viewed by 
an operator and the handle as held by a hand of the operator 
appear to the operator to define an integral body during 
positional and orientational movements of the handle and 
the end effector. 

29. The minimally invasive surgery system of claim 22, 
wherein the end effector comprises a surgical instrument 
head selected from the group consisting of retractors, elec- 
trosurgical cutters, electrosurgical coagulators, forceps, 
needle holders, scissors, blades, and irrigators. 

30. A minimally invasive surgery system comprising: 

a surgical station including a manipulator linkage sup- 
porting an end effector so that the end effector can 
move in three dimensions, the manipulator including an 
elongate rigid member having a proximal end and a 
distal end, the proximal end of the member movable in 
a plurality of proximal degrees of freedom, wherein a 
joint is disposed between the distal end of the member 
and the end effector, the joint providing a plurality of 
distal degrees of freedom; 

a control station including an actuatable handle and a 
movable controller, the actuatable handle movable in a 
three dimensional station workspace; and 

a servomechanism coupling the handle to the end effector 
so that actuation of the handle effects actuation of the 
end effector, the servomechanism coupled to the 
manipulator so that movement of the controller in the 
three dimensional space effects movement of the end 
effector in the surgical site by driving the proximal end 
in the proximal degrees of freedom, by pivoting the 
member about a first pivotal axis and a second pivotal 
axis which are perpendicular to each other and intersect 
at an insertion point between the proximal end and the 
distal end, wherein such pivotal movement of the 
member avoids lateral movement of the member at the 
insertion point, and by articulating the joint about the 
distal degrees of freedom. 

31. A minimally invasive surgery method comprising: 
inserting a surgical end effector iato an internal surgical 

site of a patient body through a percutaneous 
penetration, the end effector attached to a rigid member 
by a joint; 

actuating the end effector to manipulate tissue in response 
to actuation of a handle of a control station; 

moving the end effector at the surgical site with a servo- 
mechanism in response to movement of the handle by 
driving a proximal end of the member outside the 
patient body with the servomechanisms and by articu- 
lating the joint inside the patient body with the 
servomechanism, wherein the member pivots about a 
first pivotal axis and a second pivotal axis which are 
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perpendicular to each other and intersect at the percu- 
taneous penetration between the proximal end of the 
member and a distal end of the member when the end 
effector is moved by the servomecbanism so as to avoid 
lateral movement of the member relative to the percu- 5 
taneous penetration. 
32. The minimally invasive surgery method of claim 31, 
wherein the member comprises a rigid forearm, wherein a 
wrist member is pivotally connected to the forearm member 
by the joint so as to pivot about a firs axis, and wherein the 10 
end effector comprises a plurality of end effector elements 
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movably coupled to the wrist member so as to move about 
a second axis that is generally perpendicular to the flrst axis; 
wherein the moving step is performed by manually piv- 
oting a wrist-pivoting element of a control assembly by 
cause the wrist member to pivot correspondingly about 
the distal forearm end and along the first axis; and 
wherein the end effector actuation step is performed by 
manually actuating the handle to cause the end effector 
elements to move about the second axis. 
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